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ABSTRACT 

In mathematics, situations calling for reconstruction 
of a transformation are frequent. In such situations, children aged 6 
to 7 concentrate on the states, combining them in different ways. The 
present research aims to illustrate that difficulties and strategies 
observed with children 6*7 years old are not specific to this age 
level, but are also encountered by children up to age 12 and probably 
older. Numerous situations of reconstruction, ranging from easy to 
more complex, were prepared relying on criteria defined in a 
reference framework elaborated in the light of past research on 
problem solving. These items were presented to primary school 
children at all levels. Results reveal that the same errors reappear 
constantly, bringing to light important obstacles that interfere with 
the construction of a very fundamental concept in mathematics and 
sciences, that of transformation. (Author/PK) 
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ABSTRACT 

o 

^ Some aspect of the arithmetic operation concept cause much more difficulties than 

others to young children, those tn which they have to mentally reconstruct a transformation. 
Ptaget and Intwlder's experiments on mental Image single out the complexity involved tn the 
meiTtal reconstruction of a transfommtlon. One needs to represent the actions that occur and 
anticipate events. For this to happen, Piaget asserts that the child should master reversibility 
*V that characterizes the concrete operational stage. 
O 

It I iTL mathematics, situations catting for reconstruction of a transformation are frequent 

In such situations, children aged 6 to 7 concentrate on the states, combintr^ them in different 
ways. The present research aims to illustrate that difficulties and strategies observed with 
children &7 years old are not specific to this age level but are also encountered by childrai up 
to age 12 and probably older. Tftis brings us to consider the problem not as a locxd one but 
rather as an Important developmerdal one. 

Numerous situations of reconstruction, ranging from easy to more complex, were 
prepared relyirtg on crUeria defined in a reference framework elaborated in the light of past 
research on problem solving. These Items were presented to primary school children at all 
levels. 

Results reveal that the same errors reappear constantly, putting tn light important 
obstacles that fnterfere with the construction of Ore very fundamental concept tn mathematics 
and sciences, that of transformatiorL 



AIMS 

Situations requiring the reconstruction of a transformation in mathematics are 
complex ones. These consist briefly of temporal situations starting with an initial state which 
is transformed into a final one* The child must recognize these situations as such, prior to 
identifying the imchanged characteristics and to formulate the agent of change. 
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Our alms are to bring morr knowledge on the complexity of reconstruction tasks: 

1- by showing that they cause problems at different levels of primary school (5-7 to 
11-12 years old) and. then, that they are not typical of a specific level. We are then 
forced to consider the problem as an Important one. 

2- by identifying the major difficulties they arouse and by pointing out the errors 
persisting during the primary school years. 

METHOD ^SUBJECTS 

• Reference framftwnrk: A reference framework Is used to construct a set of problems requiring 
the reconstruction of a transformation, ranked In terms of complexity. This work Is based on a 
conceptual analysis taking Into accoimt the following variables: 

Problem stmcture: the position of the unkown In a problem Involving a unique change or a 

sequence of changes (opposite or not). 

Nature of states: collections, magnitudes, positions. 

Type of numbers: Discrete or continuous. 

Number size. 

Nature of the operated change: transformation or displacement. 

• Population : The children are from a middle class primary school of the Montreal Catholic 
school board. Two classes are retained at each level from first grade (6-7 years old) to sixth 
grade (1 1-12 years old). 

« The experiment: 

- A selection of a set of ten complex but accessible problems Is presented for each 
level. A pre experiment Is conducted that supplies preliminary results for the 
different problems. 

- Booklets are constltued of ten pages, each containing a problem: problems are 
randomfy ordered In the booklet. 

- The first six problems only are to be solved In order to assure fair conditions of 
experimentation. 

- Each page of the booklets is coded with three nmnbers: identification of the child, 
grade level, order of the problem In the random sequence often. These procedures 
are used to facilitate the analysis. 

- Problems are given to children In a regular classroom setting. 
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TASK 

Protocol - At first, general liifonnatlon is given to the children in view of clarifying the 
conditions in which they will be placed and raising their interest to solve and show their 
solution procedures* 

*We gave these problems to other children at the same grade level as you are. in another 
school. They found them dlBQcult and. in fact, didnt perform very well. We are here to show you 
these problems and to sec if you can solve them. We would especially like you to show how you 
manage to solve each one". 

Booklets are distributed to each child with the instraction to solve the problems in the 
proposed sequence, and as each problem is solved to detach the page, place it upside-down on the 
comer of his desk where it will be picked up. 



Enmoles of problems given to children to illiistrate the incr easing complexitv 
in terms of the Tnriable "problem atnicture" fcf. METHOD &r STJBJECTSl 



Structure 


A tvoical nroblem 


Problem given in 
grade: 


C? 

si^""*^::^sf 

Unique 
change 


1- 1 had 8 marbles in nry pocket A 
friend brought me some. Now I have 
got 17 marbles in rcn} pocket. How 
maiqr marbles has he brought me? 


Irst 
2nd 


a C? 

Sequence of 
changes 
w^th no 
opposition 


2- Michel is to step over stones in order 
to cross the river without getting is feet 
wet From the bank he lands on a stone 
after Jumping over 7 stones. He makes 
another Jump to land on the opposite 
bank. How maity stones does he Jump 
over the second time? 


Irst 
2nd 
3rd 


Sequence 
of changes ' 
with 

opposition. 
Ciand Cfinthe 
same direction 


3- Alain and his friends are playing a 
game in which they can win or lose 
counters. The game has been going on 
for a while and it's now Alain's tum 
again. He plays, loses 6 counters and 
is allowed an immediate other trial. 
Knowing that he now has 4 counters 
less than prior to these two last trials, 
tell me if Alain won or lost counters 
at his second trial and how many? 


3rd 
4th 
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Sequence 
of changes 
with 

opposition 

Ci and Cf opposite 



4- Alain and his friends arc playing a 
game in which they can win or lose 
counters* The game has been going on 
for a while and it's now Alain's turn again. 
He plays, loses 7 counters and is allowed 
an immediate other trial. Knowing that 
he has now 3 coimters more than prior to 
the last two trials, tell me if Alain won or 
lost counters at his second trial and how 
many? 



4th 
5th 
6th 



legend: 
i initial 
f final 
C change 



RESULTS 

The percentages of success confirm that problems requiring the reconstruction of a 
transforaiation bring about troubles at the different levels of primary school (see table 1). For 
all problems of a given structure, the percentage of success increase with grade levels. However, 
analogous difficulties persist when the structure gets more complex. 

Incorrect strategies used by young children to describe the change consist in either 
giving as answers the final or the Initial states or in giving a combination of both. As we noted, 
they mainly focus on the states (see table 3). Similar strategies are observed with older children 
when they are faced with more complex structures in which a sequence of changes is involved 
since they handle the initial and the final changes as if they were states. As a consequence, in 
solving problems children do not distinguish structures In which changes are non opposite 
fxom the "unique change" stmcture. This is confirmed by the similarity of success rates for 
those type of structure (see the figure 1). For sequence of opposite changes, we haved noted a drop 
in the success rate but this drop is more dramatic when the resulting change Is opposite to the 
initial change. 
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TABLE 1 



Average % of gnccessfful answers fo r categories of problems 
determined bv the variable "structure of the problem" 



Gnde Level 


1st 


2nd 


3rd 


4th 


5th 


6th 


Problem 
structure 














Unique^hange 


• 












Sequence of 
changes with no 
opposition 














g ?_^^ 


24.5% 


41% 




68.5% 




90% 
















Sequence of 
changes with 
opposition 




















7% 


27% 




49% 


? Cf 








Ci no 

Cf opposition 














Sequence of 
changes with 
opposition 














a Cf 

? ^ 








6.5% 


13% 


30.5% 


Ci 

Cf opposite 















6 



6 



% of successfiil ansvers for categories of problems 



% of successful 
ansver 




Unique change 

Direct sequence of 
changes 

Undirect sequence ol C ; 
changes 



Undirect sequence c, 
of changes 



CO 



1st 2rd 3rd 4th 5th Gth 



Grade Level 



% of successfal answers to thft four specific problems frsf, tasksl 



Grade Level 

Specific 
problems 
Cref. tasks) 


1st 


2nd 


3rd 


4th 


5th 


6th 


No 1 


21% 


67% 


64% 


81.5% 






No 2 


24.5% 


46% 




68.5% 




90% 


No 3 






7% 


21% 




36% 








No 4 








6.5% 


12% 


20.5% 
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% of typical errow made In the 
four specific problems 





typical 
errors 


Sl-fSf 


Sf 


Need Si 




' % of wrong 
answers in 










grade 








No 1 


33% in 2nd 


10% 


0% 


Not 

relevent 


No2 


64% In 2nd 


15% 


11.5% 


0% 


No 3 


93% in 3rd 
79% in 4th 


3.5% 
6% 


18% 
19% 


0% 
0% 


No 4 


93.5% in 4th 
S8% in 5th 
79.5% in 6th 


16% 
25% 
3.5% 


55% 
41% 
31% 


6.5% 

0% 

7% 



CONCLUSION 

Children have great difficulties with problems requiring the reconstruction of a 
traiisf^rmatlon. For this reason and since they will face such problems at school in sciences 
and in other subject matters, we should pay more attention to that important issue. 
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The knowledge we now have of the incorrect strategies used by the children should help us 
in the design of interventions that would force them to concentrate on changes and make the 
states less "attractive". They should encourage children to be more attentive to a change 
unfolding in front of them since they are expected to reproduce this change from the initial state 
onwards. This is precisely what we mean by re-ccnstructing a transformation. 
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